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Abstract 
Pneumatic servo valve driven by piezoelectric ceramic is proposed. The dynamic m ode l of the valve w as built using 
analytical approach and the working principle of the servo valve is analyzed. The simulation analysis w as carried out 
by MATLAB and AMESIM software respectively. Simulation results show that the valve has higher bandwidth and 
shorter response time than traditional electromagnetic servo valve. The step response time is 3.3 ms and the bandwidth 
is 438Hz. Which is faster than normal electromagnetic valve 6 to10 times; The servo valve has advantages of simple 
mechanical structure, strong anti-interference and better dynamic characteristics and so on. 
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1. Introduction 
Pneumatic technology is applied widely in many fields of industrial production with its advantages as 
high transmission speed, non-pollution and so on. At present, pneumatic technology has become one of the 
key technologies. in modern controlling. Traditional aerodynamic control valve uses electromagnet 
electrical - mechanical conversion drive and makes the control signal convert to the mechanical 
displacement, then it promote the spool valve to achieve the control of access. However, it has 
 
* Corresponding author. Tel.: +86-15887158813 
E-mail address: kmust_yrb@126.com 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1141Hao Zeng et al. / Procedia Engineering 31 (2012) 1140 – 1148
shortcomings, such as large volume, low power consumption, slow response and susceptible to 
electromagnetic interference. In recent years, piezoelectric actuators has been applied in production as a 
new converter, and it is the device that converts the vibration of piezoelectric crystal to form the movement 
or power which are required by the driven part[ 1- 3]. 
The displacement generated by the piezoelectric crystal has a good linear relationship with the input 
signal. It has the advantages such as convenient to control, producing high driving forces, low power 
consumption and fast response.The inversing piezoelectric devices of piezoelectric materials replace the 
torque motor as the pre-amplifier of servo-electric components which can be achieved the fast, reliable, 
high-precision control of output signal [4]. 
2. Working principle of laminated piezoelectric pneumatic servo valve 
Figure 1 shows the movement mechanism schematic diagram of a lever-type spool valve. Referring to 
the structure, the piezoelectric stacked heap of laminated piezoelectric pneumatic servo valve is placed in 
the top of the valve body and parallel is to the direction of spool value movement, so it reduces the length 
of the valve, the structure become more compact. Using piezoelectric stack elements as a power reactor 
when add a certain voltage to the piezoelectric stack heap which in the right side, In this way, it can 
promote the amplification mechanism which in the right side to form of input displacement 1X .On the 
output side, it forms the output displacement 2X  by the lever amplification mechanism amplifying, and 
promotes the slide valve spool to the left. Similarly, the spool will shift to the right if add a certain voltage 
to the piezoelectric stack heap which in the left side. By this way can we achieve the purposes of two-way 
slide valve movement.  
 
Fig.1 Laminated piezoelectric pneumatic servo valve spool motion mechanism schematic 
3. laminated piezoelectric pneumatic servo valve of the mathematical modeling 
Accord figure 1, the simplified model shows follow: 
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Fig.2  Spool motion mechanism dynamics model 
According to the model, we can get out the movement differential equations of the mechanism by 
Newton's second law: 
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Where
1M ²² Equivalent mass of Piezoelectric stack heap,  kg; 
. ²²7he stiffness of the piezoelectric stack heap, mN  
 P Pɾ ²²System damping, )//( smN ˗ 
I ²²movement inertia of amplification mechanism , <kg m˗ 
 ) )ɾ ²²the force of lever input or output between external qualityˈ N ˗ 
f ²²The output power of piezoelectric stack heapˈ N Ǆ 
according to the Servo valve differential equation list out the equation of input voltage X  and Spool 
displacement F  : 
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The transfer equation of piezoelectric pile: 
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4. The simulation analysis of laminated piezoelectric pneumatic servo valve 
4.1. Simulation analysis based on the MATLAB 
Based on the transfer function of the system, according to the pneumatic servo valve dynamic model and 
material properties, we can determine the various parameters of the model: 
1K = )(105.2
7 mNu ˗ a =5mm ˗b =40mm ˗
)/(105.7 36 mmkgu U ; kgM 04.01  ; kgM 02.02  ;I= )/(105.4
2-6 mkgu ;C= )(103.6 -6 Fu ;R=
50: ; 33d = )(101.5
-9 Vmu ; )//(10002 smN P ;n=500Ǆ 
Draw the corresponding system block diagram shown in Figure3 
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Fig.3 Simulation model of laminated piezoelectric pneumatic servo valve based on MATLAB 
View the response of system,do simulation to laminated piezoelectric pneumatic servo valve system 
with a step input signal in MATLAB. 
 
Fig.4 Laminated piezoelectric pneumatic servo valve unit step response diagram 
As can be seen from Figure, system step response rise time is about 3.3 ms, and the time that system 
reaches a steady output is about 7ms. There is no overshoot response, and the spool displacement is about 
0.3mm. 
The Bode plot is shown as below. 
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Fig.5 The bode plot of laminated piezoelectric pneumatic servo valve 
From Bode chart, we can see that the through frequency Z =1.97
310u rad/sec. It can be seen system 
frequency is about 313Hz, and whenZ =1.97 310u rad/sec, the system phase margin J =90°. When 
gZ =1.8
410u rad/sec, the gain margin gK =28.7dB. So the system is stable and the system bandwidth 
reaches 438Hz.
4.2. Simulation analysis based on AMESIM 
Since the establishment of models based on MATLAB, some non-linear factors were linearized. 
Therefore, we do simulation and analysis to the system by AMESIM in order to analyze the performance of 
the valve for the system better.  
According to the dynamic model of Leveraged Spool motion mechanism, use the Pneumatic Component 
Designing of AMESIM to build a laminated piezoelectric pneumatic servo valve model figure 6[5]: 
 
Fig.6 The AMESIM model of laminated piezoelectric pneumatic servo valve 
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In the process of building the model, we use the transfer function module of laminated piezoelectric 
pneumatic servo valve instead of in-kind. So we can simplify the physical structure of laminated 
piezoelectric pneumatic servo valve into a four-way spool valve. the main parameters of sliding valve: air 
temperature is 300k, air pressure is 0.8MPa, the positive lap of valve is 0.05mm, shaft diameter is 6mm, rod 
diameter is 3mm. 
set the simulation model related components characteristic parameters and simulation parameters of 
figure 6,we can get the input response curve of step signal to the valve as shown in figure 7: 
 
 
Fig.7 Unit step response of laminated piezoelectric pneumatic servo valve 




Fig.8 Bode plot of laminated piezoelectric pneumatic servo valve 
It can be seen from the figure that laminated piezoelectric pneumatic servo valve response time is about 
3.4ms,frequency response is about 313Hz. In real industry the response time of general electromagnetic 
valve is 20ms-30ms, frequency response is more than one hundred[6].It can be seen from the data that the 
frequency response of laminated piezoelectric pneumatic servo valve is much larger than that of solenoid 
valve.Response time is faster 6-10 times than that of the solenoid valve. 
We can know that the system is 0-based system by transfer function of laminated piezoelectric 
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pneumatic servo valve.The dynamic simulation model that tracked by sinusoidal signal is shown in Figure 
9: 
 
Fig.9 The AMESIM model of laminated piezoelectric pneumatic servo valve 
The frequency of sinusoidal signal is 100Hz and the amplitude is 1. Input sinusoidal signal and the 
tracking signal are shown in Figure 10, 11: 
 
Fig.10  Input sinusoidal signal diagram 
 
Fig.11 Sinusoidal signal tracking diagram 
From the figure we can see: time delay is about 1.1ms, the input sinusoidal signal can be tracked rapidly 
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and accurately, this show that the laminated piezoelectric pneumatic servo valve has strong reproducing 
ability to the sign. This kind performance that tracking input signal in linear ratio of laminated piezoelectric 
pneumatic servo valve is very important to the modern precise controlling. 
5. Conclusions 
(1) The displacement generated by piezoelectric materials has a good linear relationship with the input 
voltage signal, it also has the advantages as fast response and easy to control. Therefore, it can be achieved 
fast, reliable, high-precision controlling to the output signal. 
(2) Based on the actual situation, consideration for a compromise to the simplicity and accuracy of the 
laminated piezoelectric pneumatic servo valve model, ignore some minor factors, build the mathematical 
model of the laminated piezoelectric pneumatic servo valve which not only reflect the intrinsic properties of 
the system but also can simplify the analysis and calculations. 
(3) Simulation results show by MATLAB and AMESIM: the frequency of laminated piezoelectric 
pneumatic servo valve is 313Hz, response time of that is 3.3ms, the input signal can be tracked fast and 
accurately.  
(4) Compared to conventional solenoid valves, the laminated piezoelectric pneumatic servo valve 
responds faster, has wider bandwidth and greater displacement of spool movement, It can match the field 
bus very well .It is great significance to realize integration, high-speed and better applicability of the 
controlling system. 
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